This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 




Europaisches Patenlamt 
European Patent Office 
Office europeen des brevets 





(11) Publication number : 0 553 539 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 92309107.8 
(22) Date of filing : 06.10.92 



@ int. CI. 5 : C30B 7/00, C30B 29/58 



(30) Priority : 09.10.91 US 774766 
17.01.92 US 822504 



(43) Date of publication of application : 
04.08.93 Bulletin 93/31 



@ Designated Contracting States ; 
PT 



(fj) Applicant : SCHERING CORPORATION 
2000 Galloping Hill Road 
Kenilworth New Jersey 07033 (US) 

(72) Inventor : Kenyon, David J. 
4 Log Road 

Morristown, New Jersey 07960 (US) 



Inventor : Kushner, Harold K. 

27 Belgrade Terrace 

West Orange, New Jersey 07052 (US) 

Inventor : Maheshwari, Rajesh K. 

690 Ridgewood Road 

Millburn, New Jersey 07041 (US) 

Inventor : Perle, Abe J. 

155 Morningside Road 

Verona, New Jersey 07044 (US) 

Inventor : Reichert, Paul 

11 Cam bray Road 

Montville, New Jersey 07045 (US) 

Inventor : Sochon, Henry R. 

205 Haddonfield Road 

Clifton, New Jersey 07013 (US) 



(74) Representative : Ritter, Stephen David et al 
Mathys & Squire 10 Fleet Street 
London EC4Y 1AY (GB) 



(g) Crystal forming device and automated crystallization system. 

(57) A novel crystal forming device for crystallizing macromolecules is provided which simplifies handling 
and is amenable to use in an automated liquid handling system. Methods for using the crystal forming 
device are also provided, together with automated crystallization systems which incorporate the device. 
These automated systems are computer controlled and are suitable for screening a wide range of 
conditions for crystallizing macromolecules. 



CO 

m 

CO 

8 ATTORNEY DOCKET NUMBER: 1 0436-009-999 

SERIAL NUMBER: 09/756,092 
° REFERENCE: BM 

Q. 
UJ 



Jouve, 18. rue Saint-Denis, 75001 PARIS 



EP 0 553 539 A1 

BACKGROUND OF THE INVENTION) 



45 



SO 



55 



The present invention relates generally to crvstalib-ation rf^mk 
forming crystals by vapor diffusion in the hanlc ^mPthS 5f ' ^ particu,a "y. to a device for 

Supersaturated solutions of n^^SS^^I^ 3 ? aUt ° mated cr *»«'«*»n system, 
ditions of defined P H. temperature ^pSftam^ ^ nUCWc ^ and peptides under un- 

used in the btotochnolowu^rS^S^SK or m' Cr * s,a,s c Ma cromolecular crysta.s have been 
els of macromolecular S^J^^f^^S^. PUrp °f S ; For example - three-dimensional mod- 
new drugs in pharmaceutical research^ ^r^^STr^' USed to desi 9 n 
10 manufacturing processes of biotechnology derived Tit ^ St6pS are uti "' 2ed Punfication- 
insulin are used for control.ed reiease^g 1orZ2T ^ CryStal "' ne C ° mp ' exeS SUCh as 2inc - 

.uirls^rgTwi^ crystallization. This re- 

tein^ystajs. John WiIey a 9 d Sons , N^TN^^ l g^g^^ tb " ^ ^ 

clud^eX^^ crysta„ iz atio, t , 

(see K. Bailey. Nature, pages 145 and 934 iSJoJ NewYork - Pages 96-97. 1982). and liquid dialysis 

rnole^^ used method for growing macro- 

zation is vapor diffusion in the hanging dro Ze ho ™° R h olZ* , n?^" 9 C ° nditi ° nS f ° r Crysta "^ 
Academic Press. New York. NewU; >£^^?JFZ^"J^ * 
over other crystallization methods because it is tr U ,y mic oli , . h3S Stages 

droplet is allowed to equilibrate with a reservoir contLInn * h ^ hamber Tne macromolecular solution in the 
» time, water vapor diffuses from th lei ^ cIcTnta^d l r ^ r^"™' 0 " ° f P^cipitating agent. Over 
servoir solution and slowly IncJ^^!^^^ 1 ^ S ° luti0n to ,he ™<° concentrated re- 
droplet. 6 conc entrat,on of macromolecule and precipitating agent within the 

droplet of. for examp.e. 5'/. saturated i ^nt^Z^L^ h » ' lhe SyStem " 3 10 protein 

sure between the droplet and the rLT^r ^l ?, prov,ded - Because of the difference in vapor pres- 
Thus. the droplet amy^^^^^^T^, T ^ UnU ^--^um'res'u.ts. 

turation where the concentration oZ£JS£££ and'l ecl^L S ^ C ° nditi ° nS ° f SUpersa - 

rate. cromoiecules and prec.p.tatmg agent in solution increase at a defined 

No. 76-033-05) and Becton Dickinson nd i!! L ' nbr ° Jissue Culture Multiwell Plate/Cover. Catalog 
CON 3047 MULTIWELL). Th^^ ^^^^.^ N * W Jerse * < under th e ^demark FAU 
Plate. The rim of each we., ^ tS^ZS^H sLn arLT" "i"' 24 We " S ° f the tiSSUe cu,tu ' e 
Corning Corporation of Midland. Michfga * covlTo^ o ? 3 ^ V3CUUm 9reaSe SOld b * Dow 
ness and an 18 mm diameter are riS^.fT 9 or cover shps. for example, having a No. 2 thick- 
< b ~^^ 

cipita ti^^ b "«- d f "tion of a homogeneous macromolecule and a P re- 

alcohol or solvent is dispensed on eTrhtr ^ P0,yeth >" ene P°'vmer. or a low molecular weight 
greased wells of the ' sue 1" pfcte a TsTeZlT T ^ ^ ^ ™ ° ver the 

nents. such as buffers, salts macromlcu^e conSrSl T Typica,ly ' several com P°- 

reservoir solution in the wells S s^aSrT ■ ? 8 precipitatin 9 agents, of both the droplet and 
concentrations and the iL SyStemat,cal| y ** well as condiUons of vapor pressure, temperature. 

to t^^^f ~ £S expSmemis ? ^^.f T ^ ™« — °^ adjacent 

conditions, and is montei^JS^i 8 ^ S° Wed ,0 eqUi "' bra ' e Under 4 ° C ° r 22 ° C inajba tion 
7 days. 1 month. 3 months and sS^C~«. for example. 3 day, 
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Typically, several thousand experiments must be performed before conditions are found to produce high 
quality crystals. The setup of vapor diffusion hanging drop experiments is a very labor-intensive process which 
must be performed by experienced technical personnel. For example, multiple aspirating and dispensing steps 
of components, multiple greasing and polishing steps and the like must be performed in the experimental setup. 
5 Further, for each well, a separate cover slip must be manually inverted thereover. The volume and complexity 
of steps can produce a wide variation in experimental results. Still further, manpower restraints usually limit 
the range of conditions screened for crystallization. 

For the above-mentioned reasons, several research groups have developed their own automated crystal- 
lization systems. 

10 The first robotic crystallization system based on the hanging drop method has been commercially available 

since 1987 from ICN Biomedicals. The system is a computer controlled sample preparation system, including 
a color monitor, a printer and a menu driven computer program. The system utilizes a 24 well multiwell plate 
and performs all of the required aspirating and dispensing steps of a classical cover glass-multiwell plate hang- 
ing drop setup. The system includes means to automatically pipette reservoir solution into the wells, and to 

is automatically pipette droplets onto the cover glasses or cover slips. However, this system requires full time 
intervention of a technician to manipulate the dispensed droplets on cover glasses over the corresponding 
wells. In other words, the technician must still manually apply silicon grease to the rim of each well, and then 
invert each cover glass over its respective well. This, of course, is time consuming and burdensome. 

A second approach to automated crystallization was developed at Lilly Research Laboratories in Indiana- 

20 polis, Indiana in collaboration with the U.S. Naval Institute, and has been designated "APOCALYPSE", a fully 
automated system. See N.D. Jones et al.. Annual Meeting of the American Crystallographic Association, page 
27, 1987, and K.B. Ward et al., J. Crystal Growth, pages 90 and 325, 1988. The system utilizes a robot sold 
by Zymark Corporation underthe trademark ZYMATE 11 , and a Master Laboratory pipetting station. In addition, 
the system uses a specially designed plate sold by Flow Laboratories under the trademark CRYSTALPLATE. 

25 The plate has a 3 x 5 array of wells for crystallization experiments. Each crystallization well has two cover glass- 
es and two oil troughs to be filled. There is a lower square-shaped oil trough surrounding a lower opening and 
an upper square-shaped oil trough surrounding an upper opening, the upper oil trough being larger than the 
lower oil trough. One cover glass is positioned over the lower oil trough to seal the lower opening and another 
cover glass is positioned over the upper oil trough to seal the upper opening. As a result, a sealed chamber is 

30 formed between the upper and lower cover glasses. A reservoir is formed adjacent the oil troughs and is in 
gaseous communication with the sealed chamber. 

However, numerous operations are required to set up and seal each well. Oil must first be dispensed into 
each trough, Then, the reservoir must be filled. The lower cover slip is then positioned over the lower oil trough 
to seal the lower opening. A droplet is then deposited on the upper cover slip, which is subsequently inverted 

35 and positioned over the upper oil trough. 

This specially designed plate has several advantages over the aforementioned classical cover glass-tissue 
culture plate set-up. First, the plate can be readily handled by a forklrft hand of an articulated robotic arm such 
as the Zymark robot. The plate also has excellent optical visualization properties since the droplet is not viewed 
through a reservoir, that is, the reservoir is adjacent the droplet rather than beneath it. In addition, the plate 

40 can accommodate eit her hanging (from the upper cover glass), sitting (on t he lower cover glass) or sandwiched 
(in contact with both cover glasses) drops. 

However, the plate has many disadvantages. In the first place, there are cumbersome multiple cover glass- 
es to be handled. Further, because the plate uses an oil trough to seal each well of the cover glass- 
crystallization chamber, additional time must be spent ensuring the correct height of the oil in the troughs. In 

45 other words, the height of the oil has to be precise to obtain a meniscus which will ensure sealing of the cover 
glasses. For example, if the oil height is too low, there will be no seal. On the other hand, if the oil height is 
too high, the oil from the upper oil trough will run into the reservoir and/or lower oil trough, and the oil from 
the lower oil trough will run into the reservoir. Still further, the plate has a relatively slow equilibration rate com- 
pared to comparable classical cover glass-multiwell plate experiments. Lastly, conditions for crystallizing mac- 

50 romolecules in this plate have been found to be considerably different from conventional hanging drop experi- 
ments. 

A third approach to automated crystallization has been developed by Cryschem Corporation using the Bio- 
mek automated liquid handling system. See D. Morris et al.. Biotechniques, Vol. 7 t No. 5. 1989. With this ap- 
proach, a specially designed plate was developed and sold under the designation MD/24 for use in this auto- 
55 mated system. The plate has 24 wells, each well having a center post or tee for standing drops and each well 
being surrounded by the reservoir at a slightly lower level than the center post but in gaseous communication 
therewith. To provide the sealed chambers, a clear mylar film from Corning Glass Co. is sealed over the plate. 
Thus, there is no cover glass manipulation involved in setting up experiments. Droplets are dispensed directly 
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on the center tee and subsequently sealed with the mylar film 

There are several disadvantages to the MD/24 Dlate Fir<?t tho m„i^, i u 
ther. to view experiments, the myfar film must ^pelted ^ ?k" P °° r ° ptical Gerties. Fur- 

« 9 h«yfit within the wells to in^^ 

the wells. Further, there is a wp^JX^^SbZlThl" '"f to 3 9aS60US SeaI of 
it difficult to use the same as a crvstallbJnn ' n . 9Sea,betweenthecoverandtr ay. which would make 
method for forming m^^SSt" ^ C ° nneCt '° n W ' th the Vap ° r diffusi ° n ha "°'"9 drop 

havin^rrnl^h^ formed by a sha.low dish 

wall of the dish. Thus, even when the cover - L^ * , k ™ e P a ' l 't'°ns are of a hei 9ht lower than the outer 
in open gaseous communica«o J£ £2 ^0^^ eflle ^. h ' * he . ehamb « forme < «* the partitions are 

ope^=^ 
to the FALCON 3047 MUmWEL^^^ 

same reasons for use as a 0^^^^^^^^*"'°" °° ' ' nd '* deffctont for the 
Patent No. 4.682.891 to de Macario et al ' * PnCr descri P«°" *9s. * and 3B of U.S. 

FALCcffsl SolTMULT^WEL^plate by Becton 5 T^ 0 - J^"" CU,tUre dUSter d ' Sh " hich is to the 

tend above the ^m^^X^^St^^ > ^ Upperends °<the well walls ex- 

ndliesve.^ 

common cover for all of the wells '"dependent and separate for each vessel, that is. there is no 

withm!,^ 

provide a sealing action and are oTy used to £L > n thS ^ H ° wever ' the rods do "<* 

are in gaseous communicatin g 

ever^i^ —on microbiological apparatus. How- 

In addition, various patents show related automated systems 

"^"pZS^hSrr^Sf 3 fo Fuji, r et al - disc,oses an automa,ed b ^y™ p-pa- 
contro. s p so.utio; : s ^^^.S^^sr'; b r i , he — -»»"• -ni**LL 

cuss the known hanging dro d tfusio TZZ* !£tf T temperature - A, t h °"9h the patent does dis- 
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U.S. Patent No 4 751 Tss to IS w ^ U ° m 30 automa ted crystallization system, 
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55 into reception openings in the rlcTp^^f V raa °ents. the cells being inserted 
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U.S. Patent No. 4,927,545 to Roginski discloses a method and apparatus for the automatic processing 
and analysis of blood serum. Although this apparatus is not used for forming crystals, it is relevant for the dis- 
closure of a five axis articulated robotic arm with a multi-purpose gripper and a bar code reader for identifying 
test tubes. 

5 U.S. Patent No. 4,798,095 to Itoh discloses an apparatus for distributing liquid samples among test tubes 

and for dividing the test tubes into groups. Again, although the apparatus does not relate to a crystal forming 
device, it is relevant for its disclosure of a bar code labeller and a bar code reader for identifying and sorting 
the test tubes. 

U.S. Patent No. 4,265,855 to Mandle et al. discloses an apparatus for performing immunochemical and 
10 other analyses involving phase separation. The apparatus uses magnetized tags for identifying the block of 
containers so that the following operations can be performed thereon: washing, reagent-adding, incubation, 
detection and storage. However, this apparatus is also very different from an automated crystallization system. 

SUMMARY OF THE INVENTION 

15 

The present invention provides crystal forming devices, methods and automated crystallization systems 
that overcome the problems of the prior art. 

More particularly, this invention provides a crystal forming device comprising: 

(a) a base plate having a plurality of wells therein, each well adapted to receive a reservoir solution the re in 
20 and each well having a bottom and a circumferential side wall connected with said bottom to define a cham- 
ber therein, the side wall having an upper circumferential edge defining an upper opening of the well; and 

(b) single removable cover means for covering all of said wells, said single removable cover means having 
a lower surface which rests on said upper circumferential edges of said wells to seal said wells and to there- 
by seal said chambers. 

25 In one embodiment, the crystal forming device of this invention further comprises sealing means between 

said upper circumferential edges and said single removable cover means, for seating the lower surface of said 
single removable cover means to each said welj to define a plurality of sealed chambers. 

The present invention further provides a method for forming macromolecular crystals, comprising the 
steps of: 

30 (a) dispensing a reservoir solution in a plurality of wells formed in a base plate, with each well having a 

bottom and a circumferential side wall connected with said bottom to define a chamber therein, each said 
side wall having an upper circumferential edge defining an upper opening of the well through which the 
reservoir solution is dispensed; 

(b) forming a plurality of droplets containing a macromolecular solution on a single cover, at positions in 
35 correspondence to said wells supplied with said reservoir solution; 

(c) inverting said single cover such that said droplets remain substantially in the same positions on the 
single cover, and 

(d) positioning said inverted single cover on said upper circumferential edges to seal said chambers, with 
each said droplet hanging in a suspended state over the reservoir in a respective well. 

40 In one embodiment, the method further comprises a step of sealing the lower surface of said single re- 

movable cover means to each said well to thereby define a plurality of sealed chambers. 

Preferably, a silicon sealing grease is applied to the upper circumferential edge of each well having the 
reservoir solution therein, prior to positioning the inverted single cover thereon. 
This invention further provides an automated crystallization system comprising: 
45 (a) liquid dispensing means for dispensing a reservoir solution in a plurality of wells formed in a base plate, 

each well formed by a side wall having an upper circumferential edge defining an upper opening of the 
well through which the reservoir solution is dispensed; 

(b) droplet dispensing means for depositing a plurality of droplets containing a macromolecular solution 
on an upwardly facing lower surface of a cover, at positions in correspondence to said wells supplied with 

so said reservoir solution; 

(c) inverting means for inverting said cover after said droplets have been deposited thereon, such that 
said lower surface thereof faces downwardly; and 

(d) positioning means for positioning said inverted cover on said upper circumferential edges so that said 
cover seals a plurality of said wells, wherein said droplets hang in a suspended state over the respective 

55 reservoir solutions. 

In one embodiment, the liquid dispensing means of the automated crystallization system comprises: 

(a) support platform means for supporting said base plate; 

(b) pipette means for supplying the reservoir solution to each well of said base plate; and 
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(c) drive means for providing relative movement between said ninpft* ^ ^ 

means such that said pipette means can be M^^^^^ST SUPP ° ft p,atf ° rm 

s n still another embodiment, said inverting means comprises: 

(a) support platform means for supporting said cover below «sairf H m r,i-»f w 

(b) rotation support means for rotatably suppo 1 S "^2tom JfT'T 8 meanS: Md 

the lower surface of the cover is facing upwardly to densl the S™„?iT ,Wee " 3 P ° Siti ° n where 

lower surface of the cover is facing downward - after SdJSi^ H 1 ^" ^ 3 P ° Siti ° n Where the 
10 In still another embodiment said dosS™ I droplets are depos.ted on said lower surface. 

and carrying said base plat™ *JS£E ^S^^S^^TaT^ "7 

to and from said inverting means expensing means and forgnpp.ng and carrying said cover 

circum^^^ for applying a sealant to the upper 

« of said inverted coler on iS^^S^^^ ^ ^ ^ P "° r to 

20 tomated crysta.lization system tx>mprisTnT C ° Venn9 3 P,Ura,ity ° f S3id We " S ' Said au " 

r 2 n C rn a ,Tc er StaCk ' n9 m6anS f ° r S,ackin 9 a p,uralit y of "id crystal forming devices- 

In one embodiment said liquid dispensing means comprises-' 
(a) support platform means for supporting said base plate- 

thereon and a position where the Towe lZZ» 1 8 faC ' n9 UpWardly t0 deposil the dra P'^ 

posited on said lower surface said rota or ™Z " faCi " 9 downward, y ^ «he droplets are de- 

below said droplet dispensina means and " ^ SUPP ° rt P ' atf ° rm mea " S f ° r SUpp0rtin 9 said 

form means befween a 3n where the ,o T ^ *" SUpp ° r,in9 said stjpport P"- 
thereon and a position w^e HhT.^ 

posited on said lower surface ^ ' S faCmQ downwardl / ^ the droplets are de- 

\7llT her em ^° diment said dr °P'et dispensing means comprises: 
<a pipette means for supplying the droplets to said cover and 

of the cover. pos, " one<l « locations over the upward], lacing lower surface • 

In Mil another embodimen. said articulated robotic arm means comprises- 

ond^gTm"; It***" **< "-'•« i "S"PP^n,ea„sl„c ( udi„ 9 ,irs. a ndsec. 
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said cover with the respective base plate. 

Still another embodiment further comprises trolley means for retrieving said crystal forming devices from 
said chamber stacking means and for returning said crystal forming devices to said chamber stacking means 
after processing thereof has been completed. 
5 In yet another embodiment said chamber stacking means comprises: 

(a) input tower means for holding a stack of said crystal forming devices to be processed, and 

(b) output tower means for holding a stack of processed crystal forming devices. 

The present invention still further provides an automated crystallization system for use with a crystal form- 
ing device having a base plate with a plurality of wells therein, each well adapted to receive a reservoir solution 
10 therein and each well having a bottom and a circumferential side wall connected with said bottom to define a 
chamber therein, the side wall having an upper circumferential edge defining an upper opening of the well, 
and removable cover for covering all of said wells, said removable cover having a lower surface which rests 
on said upper circumferential edges of said wells to seal said wells and to thereby seal said chambers, said 
automated crystallization system comprising: 
15 (a) chamber stacking means for stacking a plurality of said crystal forming devices; 

(b) processing means for processing said crystal forming devices from said chamber stacking means, said 
processing means comprising: 

(i) sealant dispenser means for applying a sealant to the upper circumferential edge of the side wall of 
the base plate of each said crystal forming device, 
20 (ii) liquid dispensing means for dispensing predetermined amounts of liquids into the wells of the base 

plate of each said crystal forming device, 

(iii) droplet dispensing means for dispensing a droplet containing a macromolecular solution at each 
position on said cover corresponding to said wells such that said droplets hang in a suspended state 
from said cover over each said well when said cover is assembled with a respective said base plate, 

25 and 

(iv) rotator means for rotating the cover of each said crystal forming device between a position where 
the lower surface of the cover is facing upwardly to deposit the droplets thereon and a position where 
the lower surface of the cover is facing downwardly after the droplets are deposited on said lower sur- 
face and when said cover is assembled with a respective said base plate; and 

30 (c) articulated robotic arm means for gripping and carrying said crystal forming devices between said 

chamber stacking means and said processing means, and for disassembling and assembling the cover of 
each said crystal forming device with the base plate thereof. 

BRIEF DESCRIPTON OF THE DRAWINGS 

35 

This invention can be more readily understood by reference to the description of the invention below and 
to the accompanying figures, in which: 

Fig. 1 is a side elevational view, partially in phantom, of a macromolecular crystal forming device, in ex- 
ploded form, which can be used with the present invention; 
40 Fig. 2 is top plan view of the base plate of the crystal forming device of Fig. 1, viewed from line 2-2 thereof; 

Fig. 3 is a bottom plan view of the single cover of the crystal forming device of Fig. 1, viewed from line 3- 
3 thereof; 

Fig. 4 is a cross-sectional view of the base plate of the crystal forming device of Fig. 1, taken along line 
4-4 thereof; 

Fig. 5 is a cross-sectional view of the cover of the crystal forming device of Fig. 1, taken along line 5-5 
thereof; 

Fig. 6 is a cross-sectional view of a portion of the crystal forming device of Fig. 1 in assembled form and 
in use with the vapor diffusion hanging drop method; 

Fig. 7 is a cross-sectional view of a portion of the crystal forming device of Fig. 1 in assembled form and 
50 in use with the vapor diffusion hanging drop method, in conjunction with a silicon seal; 

Fig. 8 is a perspective view of an automated crystallization system according to the present invention; 

Fig. 8A is a front elevational view of a portion of the automated crystallization system of Fig. 8; 

Fig. 9 is a top plan view, partially in phantom, of the chamber stacking and delivery station of the automated 

crystallization system of Fig. 8; 
55 Fig. 10 is a cross-sectional view of the chamber stacking and delivery station of Fig. 9, taken along line 

10- 10 thereof; 

Fig. 11 is a cross-sectional view of the chamber stacking and delivery station of Fig. 9, taken along line 

11- 11 thereof; 
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Fig. 12 IS a perspective view o(a portion of the chamber stacking and delivery station of Flo « 

Fig. 15isafront elevational view of thegripperof Fig. 13. rotated by 90- 

F.g. 16 is a perspective view of the sealant dispensing station of the present invention- 

Fig. 17 « a perspective view of the rotator station of the present invention- ' 

Fig. 18 is a top plan view of the rotator station of Fig 17- 

Fig. 19 is a side elevational view of a portion of the rotator station of Fiq 1 T 

Fig. 24 is a side elevational view of the cover waiting station of Fig 23 

F.'a ' 26 Z I Vi6W ° f 3 POr "° n ° f the liquid hand,i "9 stat '°" °' the present invention- 

r"' °J! , S !? S * leva " c "' al vle " °' <"<• assembling station ol Fig. 26- and 

Z^£Z2Z£*" Cha " aia9,8m Sh0M " 9 "" ° , * !n " i ° ni " S "» s - «» "»«« - 
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Plate^r^ * - ^ «• ™. -e.ice incites a base 

Hon is not limited thereby, and this number mav vTv ell « k 1 ^ Sh0Wn ' the present inven " 
wa„ 22 connected at its lower end JTS^J, "J^* T J^" 20 3nd a C " indrical side 

Only a portion of each chamber 24 k rm^I ^ . P "'' ke crvstall, ^«on chamber 24 therein. 

betwt nTd^^^ b ° tt0m 30 which extends oniy 

than top connecting wall 32. In other words, upper circular edges 26 afe nTohL , h T * ^ 
and are also positioned in the same m ano Thio- • areu,ar ea B e » 26 are higher than top connecting wall 32, 

so that a sing^ cover can rest Zc^To Tun n 'T " ,n 9r6ater detail "•••Inaftor, 

sistant to chemicals such as methv^Tn^ ?• . 3047 MULT,WEL '- Plato. The material used should be re- 
term storage h^T and a,C ° h ° IS> and Should ^ stable for 
used laboratory wtortSSSTSi nSlZ ,? « ,SpoSable mu, «- we » * an inexpensive, widely 
terial has goodopticL, P ™£rtfes ^aZTZoT^ T ** app,iCations - Characteristically, this ma- 
conditions for crystall.Xn ' 6 chem,cal| y resistan ' * »"e chemicals used in screening 

suspend^ 

portion of supporting side waVi Howler !I h Pe ." P £. eral l,p 40 is dimensioned to fit around the upper 
PP t.ng s.de wall 36. However, as shown ,n F,g. 6. the height of peripheral lip 40 is sufficiently 
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small so that the lower edge thereof does not support cover 1 4 on base plate 12, but rather, as will be described 
in detail hereinafter, cover 14 is supported on base plate 12 only by flat cover plate 38 resting on upper circular 
edges 26. 

Although not required, the lower or inner surface 42 of cover plate 38 has a plurality of circular beads 44 

5 formed thereon. Each bead 44 has a diameter greater than that of upper circular edges 26 of wells 1 6 to extend 
therearound when cover 14 is positioned on base plate 12. As will be appreciated from the discussion that fol- 
lows, one function of circular beads 44 is as a template for droplets containing a macromolecular solution. This 
design modification greatly simplifies manual crystallization screening. Such beads 44 are of the type formed 
on the aforementioned FALCON 3047 MULTIWELL plate. 

10 Preferably, the entire cover 14 is made from the same transparent polystyrene material as base plate. The 

inner surface 42 of flat cover plate 38 is preferably siliconized to ensure better droplet formation thereon. To 
insure good droplet formation, a siliconizing agent is applied to prevent spreading of macromolecular droplets 
over time on cover 14. It was-found that using a solution of SURFASIL siliconizing agent in hexane to pretreat 
the polystyrene surface of cover plate 38, effectively gave a uniform silicon film on polystyrene cover 14. Sil- 
ts iconized covers 14 allowed for comparable macromolecular droplet formation to that found for hanging drops 
from conventional siliconized cover glasses. 

Although a sealing action may occur only with cover plate 38 sitting directly on upper circular edges 26, 
as shown in Fig. 6, a silicon or other grease seal 46 is preferably applied to upper circular edges 26 prior to 
positioning of cover 14 thereon, as shown in Fig. 7. In this manner, silicon seal 46 ensures a gaseous seal of 

20 chambers 24 when cover 14 is positioned on base plate 12, and works in conjunction with upper circular edges 
26 and circular beads 44 to ensure such a seal. Any imperfections in the contact region around the 24 upper 
circular edges 26 of well's 16 of base plate 12, and cover 14, can be masked by using grease 46 as a sealant. 

It will be appreciated that various changes can be made to crystal forming device 10. For example, al- 
though wells 16 have been shown as a having a cylindrical configuration, they could have any other suitable 

25 configuration, such as a square cross-sectional shape. As another modification, a gasket can be used to ensure 
the gaseous seal of each chamber in place of silicon seal 46. 

A straightforward procedure which requires a minimum of easy to handle steps can therefore be followed 
efficiently with the present invention to screen for ideal crystallization formation. 

With the present invention, wells 16 are first partially filled with a reservoir solution 18, preferably by a 

30 pipette system. A silicon grease seal 46 is then applied to upper circular edges 26 of wells 16, manually or pre- 
ferably by an automated process. Then, droplets 48 containing a macromolecular solution are provided on inner 
surface 42 of flat cover plate 38, within each area defined by circular beads 44. Cover 14 is then inverted and 
positioned on upper circular edges 26. Because of silicon seal 46, chambers 24 are sealed. At this time, each 
droplet 48 hangs in a suspended state over its respective reservoir solution 18. The macromolecular solution 

35 in each droplet 48 is allowed to equilibrate with the respective reservoir solution 18 which contains a higher 
concentration of precipitating agent. Over time, water vapor diffuses from the less concentrated macromolec- 
ular solution of droplet 48 to the more concentrated reservoir solution 18 and slowly increases the concentration 
of macromolecule and precipitating agent within each droplet 48. 

With actual experiments with crystal forming device 10, good droplet formation was observed after sili- 

40 conizing cover plate 38. In such actual experiments, crystal forming device 10 was tested in side-by-side ex- 
periments with a conventional cover glass-multiwell plate in hanging drop experiments under conditions for 
crystallizing chicken egg white lysozyme. It was found that crystal forming device 10 gave comparable results 
to the conventional method. The size and quality of the crystals produced were comparable. Also, the crystals 
appeared after the same equilibration time as compared to conventional experiments. 

45 The experiments proceeded as follows. A 5% solution (v/v) of SURFASIL siliconizing agent in hexane, was 

applied to inner surface 42 of cover plate 38 and permitted to dry. Inner surface 42 was polished with a lint 
free soft paper towel, and the surface was blown clean with a precision duster such as the precision duster 
sold under the trademark FISHERBRAND. to remove any dirt or dust on the surface. 

Then, a known procedure for crystallizing hen chicken white lysozyme using the vapor diffusion hanging 

50 drop method, as published in M. Pursey et al. t JBC, 261 , pages 6524-6529 (1 985), was set up. Droplets of 20 
mg/ml chicken egg white lysozyme in 0.01 M sodium acetate with a pH of 4.0 and 4% sodium chloride, were 
used. The chicken egg white lysozyme was lysozyme grade I from chicken egg white, obtained from Sigma 
Chemical Company of St. Louis, Missouri. The sodium acetate was an anhydrous ACS reagent grade, also ob- 
tained from Sigma Chemical Company. The sodium chloride was an ACS reagent grade also obtained from 

55 Sigma Chemical Company. The droplets were equilibrated against reservoir solutions of 0.01 M sodium acetate 
with a pH of 4.0 and 8% sodium chloride at 22°C. 

Microscopic inspections were performed using a Bausch and Lomb stereo microscope at 40x magnifica- 
tion. Crystal and droplet diameter measurements were made with a scalar eyepiece on the Bausch and Lomb 
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10 



15 



25 



30 



stereo microscope. 

To compare the results of the present crystal forming device 10 side-by-side with classical hanaina dron 

%ZTn e TT T ri \T re US6d l ° C ° mpare the P erf °«™ce of the^ystallizatt, SiST* ' 
The abil.ty of chambers 24 to crystallize chicken egg white lysozyme as compared to co^han^'ino droo 

expenmentsunderthesameexpenmenta.conditionswastested.Experimentswerese^ 
drtions, using he same precipitating and lysozyme solutions. Twenty-four identical «x£ZStS?^£ 
that ,s. one entire plate. ,n both a conventional arrangement of hanging drops in a mu.tiweTpSte cover o ass 
arrangemen and ,n crystallization chambers 24 of crystal forming device 10. Liquid ha^d ng Isp'raUon and 

TaZT P& We " S ° f mU,ti - We " P ' ateS 3nd dr °P ,ets onto the o'er oi cry^HoZTdeZ 

10. or on the cover glasses according to the prior art. were performed manually Experiments were monitorS 
by microscop e inspection at 3 days. 14 days and 30 days post set-up. The cryit^rS,™ Ze from 
monL 17" format-on), crystal size (mm on edge) and number of experiments producing ^ 
monrtored m.croscop.cally. The results of these experiments are shown in Table 1 . 

TABLE 1 





Method 


No. Experi- 
ments 


Crystal Onset Time 
(Days) 


Crystal Size (mm) 


No. Crystal Formed 


20 


Conventional 


24 


3 


0.45 


24 




Present Inven- 


24 










tion 


3 


0.45 


22 



JJT f ° Und tha ' the "ystolNzation onset time was the same for both chambers. Tetragonal crystals of 
cfTeZ^ qUa,itV , W6re ° bserved < ram b ° th "I of experiments. Crystals were obse ved in 22 o^ 

nm^^^^T^T^ ° Vef T fe re ' atiVe l ° V3POr eva " oration rates - Microscopic measure- 
n^J; 9 , ? diameter were made at re 9"lar time intervals of 3 days. 14 days and 30 days A 

Sf t Vera9e ° f dr ° plet diametere was <*™*e* *«" the measurements of all the experiments Tht 
results of these measurements are shown in Table 2. experiments, i ne 

TABLE 2 



Method 


No. Experi- 
ments 


Initial Droplet 
Diameter (mm) 


Av. Droplet Diameters Post Set-Up (mm) 


3 Days 


14 Days 


30 Days 


Conventional 


24 


3.9 


3.5 


3.5 


3.5 


Present Inven- 


24 










tion 


3.8 


3.5 


3.5 


3.5 



35 



40 



45 



SO 



55 



ur.nl COnven " onal set - u P and experiments set up with crystal forming device 10, there was meas- 

2?c1ncubS e r ° P,etS aft6r 3 dayS - Thereafter ' the dr ° p,et diameters slabi "~< outTo 30 dTys "t 

ditions^macr;^? " haVi " 9 cr y sta,li2atio " Cambers 24 can be used to discover con- 

f! l„l T crystallization with lysozyme. The size and quality of crystals prepared with crystal 

hand l Z , , COmparab,e to ™™ experiments. Thus, device 10 greatly reduces the coCeX o 
handl.ng and setting up macromolecular crystallization experiments complexity ot 

vice lO^Tan" ^Zl^l^T™* ^ ^ " P experiments, using crystal forming de- 

u Crystal In S ,* I T ^ a " aSpira,in9 and dispensinQ sto <> s necessar V for setting 
L T exDe " m ents can be performed in an automated process, where crystal forming devices 10 

Tnlna hano'ina "T ^ ^ ° ffer5 disBnct ^Z^o" 

S^^^iSnT 1 imUm ° f hand ' in9 SeaNn9 St6pS iS required 10 se ' u P c^ 3 '"- 

ret°tsto coTe onal hanln * * cr y stal,i2ation stud ' e * with lysozyme. gives comparable 

Z a w de r^Taf Jn^r 9 / " expenments - Experimental set-up time saved can be dedicated to screen- 
■ng a wider range of cond,t,ons for crystallizing macromolecules. thereby allowing greater opportunity to dis- 
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cover novel macromolecular crystalline forms. 

Crystal forming devices 10 are adaptable to a totally automated crystallization system according to the 
present invention, since all steps can be automated and because device 10 can be easily manipulated by an 
articulated robotic arm. 

5 The automated crystallization system 100 uses crystal forming device 10 and performs all of the afore- 

mentioned steps automatically with no human intervention. Automated crystallization system 100 is thus suit- 
able for rapid screening of a wide range of conditions for crystallizing macromolecules and peptides, in con- 
junction with crystal forming device 10. The sandwich construction of crystal forming device 10 greatly sim- 
plifies liquid handling and sealing processes which are incorporated into automated crystallization system 100. 

10 As will be described more fully below, automated crystallization system 100 uses an articulated robotic 

arm to move a plurality of crystal forming devices 10 to several stations, such as stacking, sealing, vortexing- 
liquid dispensing and chamber rotator stations. Thus, with the present invention, and with each crystal forming 
device 10 containing twenty-four chamber, twenty-four independent experiments can be set-up in each crystal 
forming device 10, and multiple crystal forming devices 10 can be set-up, without manual intervention. It has 

15 been determined that 960 experiments can be set up each day with automated crystallization system 100. 
Therefore, automated crystallization system 1 00 facilitates the discovery of novel crystal morphologies of mac- 
romolecules for numerous medical and industrial applications. 

Automated crystallization system 100 includes a chamber stacking and delivery station 102 at which the 
crystal forming devices-10 are stacked for supply to the remainder of system 100 and to which crystal forming 

20 devices 10 are returned after being processed through automated crystallization system 100. Preferably, 
chamber stacking and del ivery station 1 02 is constructed to stack twenty crystal forming devices 1 0 for delivery 
into and out of the remainder of system 100 in a typical day's run, that is, within a twenty-four hour period. 

As shown in Figs. 8-12, chamber stacking and delivery station 102 includes a frame 104 formed by parallel, 
spaced apart side walls 106 and 108 connected together at their forward ends by a front wall 110 and connected 

25 together at their rear ends by a rear wall 112. Such connections can be made by bolts, welding or the like. As 
a result, frame 104 forms a rectangular box- like structure. 

As shown in Figs. 8 and 12, an input cassette tower 116 is connected above frame 104 at the rear portion 
thereof. Input cassette tower 116 is adapted to hold approximately twenty crystal forming devices 10 in a 
stacked arrangement therein, for selective supply to the remainder of automated crystallization system 100. 

30 Input cassette tower 116 is formed as an elongated hollow rectangular box-like structure that is vertically ori- 
ented. The upper end 118 and lower end 120 of input cassette tower 116 are both open. In this manner, crystal 
forming devices 10 can be input by an operator through upper end 118 into input cassette tower 116, at the 
beginning of the operation, and can be automatically removed one at a time by automated crystallization system 
100 from lower end 120. A weighted hold-down plate 121 (Fig. 12) can be placed in input cassette tower 116 

35 on the stack of crystal forming devices 10 held therein. 

Input cassette tower 116 is removably or permanently mounted on the upper edges of side walls 106 and 
108 by any suitable means. In one such arrangement, Z-shaped extensions 122 are fixed to the lower edges 
of the side walls 116a and 116b of input cassette tower 116. Each Z-shaped extension 122 includes an upper 
horizontally oriented leg 124 and a lower horizontally oriented leg 126 spaced therefrom and connected thereto 

40 by a vertically oriented leg 128. Each upper horizontally oriented leg 124 is fixed to the lower edge of one side 
wall 116a or 116b of input cassette tower 116 by any suitable means, such as welding or the like. Each lower 
horizontally oriented leg 126 rests on the upper edge of one side wall 106 or 108. As a result, input cassette 
tower 116 is mounted on side walls 106 and 108 such that open lower end 120 thereof is positioned above 
and between side walls 106 and 108. 

45 To removably secure input cassette tower 116 to side walls 106 and 108, clamping devices 130 can be 

provided. Clamping devices 130 are conventional devices and are similar to the clamping devices found on 
steamer trunks. Therefore, only a brief description will be given thereof. Each clamping device 130 includes a 
spring clasp 132 pivotally mounted to the outer surface of a side wall 106 or 108 by a pivot mounting element 
134. The free end of each spring clasp 132 includes a hook end 132a which is adapted to engage a loop 136 

so mounted on the outer surface of a respective vertically oriented leg 128 of a Z-shaped extension 122. There- 
fore, after input cassette tower 116 is mounted on side walls 106 and 108, each hook end 132a is moved into 
latching engagement with a respective loop 136, and spring clasp 132 is pivoted downwardly to form a secure 
engagement of the hook ends 132a with loops 136 and thereby to secure input cassette tower 116 on top of 
side walls 106 and 108. Further, guide pins 137 can be provided on the upper edges of side walls 106 and 

55 1 08 for engagement in holes (not shown) in lower horizontally oriented legs 1 26 to correctly align input cassette 
tower 116 on side walls 106 and 108. 

As shown in Fig. 11, input cassette tower 116 includes pivoted support means 138 for supporting a stack 
of crystal forming devices 10 therein at a level above side walls 106 and 108 of frame 104. Pivoted support 
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means 138 includes a first pivoted lever 140 oivntaiiu m „..„t^ 

side wall 116a of input cassette tower 116 bJ Z~ll Z ^ within a recess 142 at the lower end of one 
140a extending below thrower idge o fde W aTl16 a 2 * T T' ^ U ° haS 3 ,ower end 

vertically oriented .eg 128 of the assoc a £ iZIIIIh ° 7 ^T, 1 18 ta SpaCed re,ation from lhe 
5 an inwardly extending tapered wedge ZZ^lSZZtS^ i' " additi ° n ' ^ ' 6Ver 140 indudes 
section 140b has an upper surface whS fr0m " PPer P ° rli ° n thereof - Wed 9 e 
porting position. In addln. ZoZ .ele 140 ^l^ZT^TT" " W 14 ° " mOV6d l ° itS Sup - 
engages the outer surface of side wSni6a when bi^ 

the inward extent of wedge secVon UOh Int^ , 1 ^"^r-clockwise direction of Fig. 1 1 , to limit 
» ^undersideofoneof^c^^ 

that crystal forming device 10 and the stack of crystal f^S^Z^^T ^ 

To ensure support.ng engagement of a crystal forming device 10 with wedge section 140h » s „ • 
is mounted to s de wall 116a for biasino i«in :„.h a ^ . . , . weage sectl °n 140b, a spnng 146 

only shown ^^^ ^TZt^ZXT^S'^'^ '*° a ' M " ^ Spr "" 146 * 
- For example, a tors'ion 1™.^'°'!°' ""^T £* 

» * - J^3^a?sx - ji?s; rrsr °° i r ,,h wM9e — ,sob - ■ « 

coil sprino. torsion spring or the like d ' rea,0n F ' 9 ' S <>*° 156 ■» ° 

outwardly aoainst hTforce of lie ^1^ ' a ? a ' n " lh ' '°"=* ' «. lever 140 is also biased 

* is only J explanaLry pokes' * Sh °""" 9 ' " °"^" S ,4 ° >"* 150 " "»''«""< P°=»»ns 

.60 is adapted to hold app^Sy^^^ f ^T ! "^?■"^^ 11ft ^ M •^'^ 

- =Soasrr<~ 

45 110 and rear wall 112 tran slaton means 168 for moving support platform 164 between front wall 



20 



25 



50 



55 



tangullt^ 

to block pivoting movement of levere 1 40 „ P^erably cut out. as shown at 164a. so as not 

tower 116 or ouTou, ,««: Li ° U Wnen Support P |atform 1 <* •» ^ised within input cassette 

164b for a cr^f^nV^l??' L ' 0n> the lon 9er sides of platform 164 are cut out. as shown at 
^t^^-ISZ^Jif be manipulated by a robot arm. as described more fully below. As a 
opposi^; - ^^ TW ° P ' nS J J 2 are formed o" » h « uPPersurfaces of two diagonally 

vice io is positioned « ^suppo SSiSSJl' "S? f0r , m, ' n9 ^ 1 ° there ° n - Whe " cr y stal formin 9 de " 
supportinc i wall M ZtaS 6 ?' P ' nS 1 72 Just f il within ,ne low ^ edge of peripheral stepped side 
ig PP rtng wall of crystal form.ng dev.ce 10 to correctly align crystal forming device 10 on support platform 

to iS^^.^S^^^T^ e l evator shan 174 hav ^ 9 one end connected ™™y 

, Fig. 11A. and is ^Z^^^^ ^^^^^Z 
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thereof. Worm wheel 1 76 is rotatably mounted to the underside of a carriage assembly 1 80, but is axially fixed, 
that is, worm wheel 176 can rotate but cannot move in the axial direction thereof. Thus, rotation of worm wheel 
176 results in axial movement of elevator shaft 174, and thereby results in axial movement of support platform 
164. Worm wheel 176 can be mounted by any suitable means, such as bearing races or the like, which are 
5 not shown. 

Worm wheel 176 is in meshing engagement with a worm 182 fixed on the output shaft 184 of an elevator 
stepper motor 186 that is also fixed to the underside of carriage assembly 180 by a clamp (not shown). Thus, 
rotation of output shaft 184 results in rotation of worm 182 which, in turn, results in rotation of worm wheel 
176. 

10 Carriage assembly 180 is formed by a transverse block 188 extending transversely between side walls 

106 and 108. Elevator shaft 174 slidably extends through a hole 190 in transverse block 188 to permit support 
platform 164 to be raised and lowered. In addition, to prevent rotation of support platform 164 during the vert- 
ical movement thereof, a guide shaft 192 has one end connected to the underside of support platform 164 in 
spaced relation to elevator shaft 1 74, and the opposite end is slidably engaged within another hole 1 94 in trans- 

15 verse block 188. 

Translation means 168 is formed by two parallel guide rods 196 and 198 spaced apart at opposite sides 
of chamber stacking and delivery station 102. Guide rod 196 is secured between front wall 110 and rear wall 
112, adjacent to side wail 106, while guide rod 198 is secured between front wall 110 and rear wall 112, adjacent 
to side wall 108. 

20 Af irst guide block 200 is slidably mounted on guide rod 196 and a second guide block 202 is slidably mount- 

ed on guide rod 198. As shown in Fig. 10, guide blocks 200 and 202 include bearing assemblies 203 therein 
for slidably mounting the guide blocks on guide rods 196 and 198. Transverse block 188 has opposite ends 
188a and 188b fixedly mounted to the upper surfaces of guide blocks 200 and 202. Support platform 164 and 
elevator means 166 are movable with guide blocks 200 and 202 along guide rods 196 and 198. 

25 To move guide blocks 200 and 202 along guide rods 196 and 198, a screw-thread assembly 204 is pro- 

vided. Screw-thread assembly 204 includes a translation drive motor 206 mounted to the outer face of front 
wall 1 1 0 and having an output shaft 207 extending through front wall 1 1 0. A lead screw of threaded drive shaft 
208 has one end fixedly coupled to output shaft 206 by a conventional coupling device 210, and the opposite 
end rotatably mounted within rear wall 112 by means of a bearing assembly 212. A driven extension block 214 

30 is fixedly mounted to the underside of second guide block 202 and includes a threaded opening 216 which 
threadedly receives drive shaft 208 therein. Thus, rotation of output shaft 207 and threaded drive shaft 208 
therewith, causes movement of driven extension block 214 along threaded drive shaft 208. This, in turn, causes 
support platform 164 and elevator assembly 166 to move therewith along guide rods 196 and 198 in a con- 
trolled manner. 

35 To eliminate any free play of driven extension block 214 on threaded drive shaft 208, a slack take-up as- 

sembly 218 is provided, as shown in Fig. 10. A threaded member 220 is threadedly engaged on drive shaft 
208 in back of extension block 214 and includes a keyway 222 on the outer surface thereof. A key member 
224 is secured to the rearface of extension block 214 and engages within keyway 222. In this manner, threaded 
member 220 is prevented from rotating, but is movable in the axial direction of threaded drive shaft 208. A coil 

40 spring 226 is wrapped about threaded member 220 and has one end engaging an enlarged head 220a of 
threaded member 220 and the opposite end thereof engaging the rear face of extension block 214. As a result, 
extension block 214 and threaded member 220 are forced apart so that any slack in the threaded engagement 
of extension block 214 with threaded drive shaft 208 is removed. 

Chamber stacking and delivery station 1 02 includes a control assembly 228 for controlling pivoted support 

45 means 138. and more particularly, for controlling pivoting movement of pivoted levers 140 and 150. A solenoid 
230 is connected to extension block 214 which also hangs dov/n from transverse block 188. Solenoid is posi- 
tioned beneath support platform 174, rearwardly and substantially in line with worm wheel 176. Solenoid 230 
includes a vertically reciprocable solenoid rod 232 having a yoke 234 fixed to the upper end thereof. Yoke 234 
extends in the transverse direction of chamber stacking and delivery station 102. Yoke 234 is also centrally 

50 connected to the upper end of solenoid rod 232 to present opposite yoke ends 234a and 234b. In addition, a 
coil spring 233 is positioned between the upper surface of solenoid 230 and yoke 234 to normally bias solenoid 
rod 232 to its extended position, as shown by yoke end 234b in Fig. 11. 

A first transverse pivot arm 236 has one end pivotally connected with yoke end 234a to extend in a direction 
toward side wall 106, while a second transverse pivot arm 238 has one end pivotally connected with yoke end 

55 236a to extend in a direction toward side wall 108. The opposite end of pivot arm 236 has an upturned lever 
actuator 240 formed thereat, while the opposite end of pivot arm 238 has an upturned lever actuator 242 
formed thereat. 

The junction 239 between pivot arm 236 and lever actuator 240 is pivotally connected to end 188a of trans- 
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washer 248 is preferably interposed between the head of screw 246 and junction , , 

screw 246 during the rotation of junction 239 thereabout ' Pr6Vent ' 00Sen,n9 ° f 

forming devices 10 in the respective towers 116 and 160 prp ctni h*ih k \* *P«c«yeiy. inererore, crystal 
Pivo..d ^ 140 a„„ ,50. To ^J^^ZSXfZ IZ'SS^LTJ' 

toon 150b thereof moves out of engagement with the stack of crystal forming devices 10 so !rT^ 

assemWvIS fe ? P "' ed 10 3 Sid6 Wa " ° f the baSe p,a,e 12 of each CT y stal farming device 10. and when trolley 
assembly 162 p.cks up a crystal forming device 10 from input cassette tower 116 bar code readers I«S 
the™, whereby computer 258 determines that it is Jcorrect cryjV^^TT^ ^"s 

in Fi^flTn^ C / y hl S,a,,i K 2ation s y stem 100 farther includes an articulated robotic arm assembly 270 as shown 
M2" by cSs Ru' Inc V? T°T ^ * ^ SUCh 35 °" e SO,d unde ' the d ^nation -SS^slSE 
™rc^^^ a " d a '~ — * Hud«l RoboUcs. Inc.. 44 Com- 

ponents, namely a base 272 a 2e 274 . „ art,culated arm assembly 270 includes five com- 

y. a case a shoulder 274. an upper arm 276. a lower arm 278 and a wrist 280. Further, a 
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specialized gripper 282 for use with crystal forming device 10 is connected with wrist 280. Five degrees of 
freedom, exclusive of movement of gripper 282, are available, namely rotation around the waist (between base 
272 and shoulder 274), pivoting of upper arm 276 at shoulder 274. pivoting of the elbow between upper arm 
276 and lower arm 278. wrist roll (rotation) and wrist pitch (pivoting). 

The position repeatability of articulated robotic arm assembly 270 is 0.002 inches along the total arm reach 
of 22 inches, excluding gripper 282. The lifting capacity of articulated robotic arm assembly 270 is 1 kg at max- 
imum speed and 2 kg at 80% speed. The maximum joint speed is 60 degrees/second for the waist and shoulder 
and 180 degrees/second for the elbow, wrist and gripper. The operating time for a 12" by 2" pick and place 
cycle is 2.5 seconds. 

A CRS-M2 robot system controller 281 is connected with articulated robotic arm assembly 270 for con- 
trolling the same. The CRS-M2 robot system controller 281 is conventional and is also sold by CRS Plus Inc.. 
Burlington, Ontario, Canada, and by Hudson Robotics. Inc., 44 Commerce Street, Springfield, New Jersey 
07081 , along with the "CRS PLUS SRS-M2" articulated robotic arm assembly 270. The CRS-M2 robot system 
controller 281 includes, as standard, a 16-bit microprocessor based master controller, resident robotic auto- 
mation programming language (RAPL), six DC servo amplifiers, an arm power supply and voltage regulator, 
and five intelligent servo axis cards. Computer 258 is interfaced with control articulated robotic arm assembly 
270 through robot system controller 281. 

Programming of the CRS-M2 controller 281 is through the teach pendent or resident robotic automation 
programming language. RAPL is an automation oriented line structured language designed to facilitate the de- 
sign of applications of robot systems. RAPL uses English-like commands to provide a user friendly interface 
for the operator. Features of the memory, alternate command identifiers, and advanced mathematical expres- 
sions. The resident memory also has battery back-up as a standard feature. RAPL is sold along with controller 
281. 

Gripper 282 is a modified servo gripper sold by CRS Plus Inc. under the designation "SRS-SGRIP" and 
includes a programmable servo-motor controlled gripper with force and position feedback to robot system con- 
troller 281. The SRS-SGRIP gripper has a two inch maximum finger travel and is supplied with the appropriate 
plug-in servo card required for operation. 

As shown in Figs. 13-15, gripper 282 includes parallel, spaced apart gripping arms 284 and 286 which are 
slidably mounted on a wrist pivot bar 288. Gripping arms 284 and 286 are pivotable on wrist pivot bar 288. At 
the same time, gripping arms 284 and 286 are movable toward and away from each along the axis of wrist 
pivot bar 288. 

As shown, each gripping arm 284 and 286 is formed by a flat plate having a sloping upper surface 290 
and a non-sloping lower surface 292, so that the height of each gripping arm 284 and 286 reduces in height 
from wrist 280 to the free end thereof. 

Gripper 282 further includes first and second gripping members 294 and 296 secured in spaced relation 
along the inner surface of gripping arm 284. Preferably, gripping member 294 is formed at a forward end of 
gripping arm 284, while gripping member 296 is formed at a rear end of gripping arm 284. In like manner, a 
third gripping member 297 is secured to the inner surface of gripping arm 286 at a position between gripping 
members 294 and 296. Each gripping member 294, 296 and 297 is formed as an L-shaped member having a 
securing plate 298 and an inwardly directed holding plate 300. Each securing plate 298 is mounted to an inner 
surface of gripping arm 284 or 286 by any suitable means, such as welding, bolts or the like, and extends down 
below non- sloping lower surface 292 thereof. Each holding plate 300 is connected with the lower end of the 
respective securing plate 298 and extends in a direction toward the other gripping arm. 

Thus, gripper 282 can be moved by articulated robotic arm assembly 270 to pick-up a crystal forming de- 
vice 1 0, for example, from support platform 164. In such case, gripping arms 284 and 286 are moved apart a 
distance greater than the width at the lower end of peripheral stepped side supporting wall 36 of base plate 
12. Then, gripper 282 is moved to a position in surrounding relation to the longer sides of peripheral stepped 
side supporting wall 36. Gripping arms 284 and 286 are then moved toward each other so that securing plates 
298 thereof are pressed against the outer surfaces of the longer sides of peripheral stepped side supporting 
wall 36, and so that the lower edges of the longer sides of peripheral stepped side supporting wall 36 are sup- 
ported on inwardly directed holding plates 300. Thereafter, with the crystal forming device 10 secured within 
gripper 282. gripper 282 can be moved to any desired location by articulated robotic arm assembly 270. Of 
course, it will be appreciated that the reverse operation occurs when a crystal forming device 10 is to be de- 
posited and released on a surface, such as support platform 264. after processing has been completed. 

To provide proper alignment of each crystal forming device 1 0 within gripper 282. a stop plate 302 is mount- 
ed to wrist pivot bar 288 to be pivotable therewith, and thereby, to always be perpendicular to gripping arms 
284 and 286. Therefore, after a crystal forming device 10 is gripped by gripper 282, gripping arms 284 and 
286 are moved to a vertically raised, slightly tilted position, and are moved slightly apart. Crystal forming device 
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10 held therein ,s thereby supported only by inwardly directed holding plates 300. As a result, crystal forming 
dev.ee 10 shdes rearward^ toward wrist 280 until one of the shorter sides thereof abuts against stop 2 
302. Then gnppmg arms 284 and 286 are once again moved toward each other so that securing plates 298 
are pressed agamst the outer surfaces of the longer sides of peripheral stepped side supporting wall 36. Thus 
the position of crystal forming device 10 in gripper 282 is always the same 

After a crystal forming device 10 is picked up from support platform 164 by gripper 282. it is carried by 
articulated robots arm assembly 270 to a sealant dispensing station 310 of automated crystallization system 
100 as shown in Figs. 8 and 16. Sealant dispensing station 310 includes a conventional translation table 312 
which, as shown schematically in Fig. 16. includes a flat support surface 314. an X- component translation 
means 316 or moving flat support surface 314 in an X-direction. and a Y-component translation means 318 
for moving flat support surface 314 in a Y-direction which is transverse to the X-direction. It will therefore be 
appreciated that X-component translation means 316 and Y-component translation means 318 can move flat 
support surface 314 in a two- dimensional X-Y plane. In addition, although not necessary. X-component trans- 
m!!„JTo a nr v COmponent trans,a «°n ™ans 318 can be mounted on a Z- component translation 

means 320 for moving X-component translation means 316 and Y-component translation means 318 in the 
vertical Z-direction transverse to the X- direction and Y-direction. 

Flat support surface 314 is formed on X-component translation means 316 for movement in the X- direc- 
ts. X-component translation means 316 can. for example, threadedly mount flat support surface 314 for 
movement on a lead screw (not shown) connected with a servo motor 31 6a of X-component translation means 
316. Thus, activation of servo motor 316a will move flat support surface 314 in the X-direction. in a well known 
manner In like manner, the support frame 316b of X- component translation means 316 can be threadedly 
mounted for movement in the Y-direction on a lead screw (not shown) connected with a servo motor 318a of 
Y-component translation means 318. Thus, activation of servo motor 318a will move flat support surface 314 
in the Y- direction. Finally, the support frame 318b of Y- component translation means 318 can be threadedly 
mounted for movement in the Z-direction on a lead screw (not shown) connected with a servo motor 320a of 
Z-component translation means 320. Thus, activation of servo motor 320a will move flat support surface 314 
in the Z- direction. The aforementioned assembly of translation table 312 can. for example be a "TECHO" 3 - 
S'pifr m ° tOr f C °" tr0ll f teb,e sold b V E p D 'nc. 977 Waterman Avenue. East Providence. Rhode Island 
by^mp^258 ' taWe 312, th3t iSl activation of se ™° motors 316a, 318a and 320a. is controlled 

Sealant dispensing station 310 includes a support platform 322 mounted on flat support surface 314 Sup- 
port platform 322 is similar to support platform 164. and specifically, is formed as a flat, substantially rectan- 

9 ZZl %oT n9 fllT CUt "°, Ut Se ° ti0n 3223 °" ° nC '° n9er SidS thereof for receivi "9 < irst a " d ««ond gripping 
members 294 and 296. a smaller cut-out section 322b on the opposite longer side thereof for receiving third 
gnpp.ng member 297. and a smaller cut-out section 322c on a shorter side thereof for receiving stop plate 302 
In th. s manner. gnpper282 can deposit a crystal forming device 10 onto and retrieve a crystal forming device 
10 from support platform 322. 

Sealant dispensing station 310 further includes a sealant dispenser 324 which applies a sealant, such as 
the aforementioned silicon or other grease seal 46. to upper circular edges 26 of a crystal forming device 10 
pos,t.oned on support platform 322. with cover 1 4 removed therefrom. In this manner, silicon seal 46 ensures 
a gaseous seal of chambers 24 when cover 14 is positioned on base plate 12. and works in conjunction with 
upper circular edges 26 and circular beads 44 to ensure such a seal. 

Sealant dispenser 324 is fixedly mounted to a frame 326 above support platform 322 by a clamp 328 and 
includes a barrel 330 held by clamp 328. Barrel 330 contains the supply of sealant 46. Adisposable dispensing 
bp 332 b connected to the lower end of barrel for dispensing a thin stream of viscous sealant 46. A sealed 
piston (not shown) is provided in barrel 330 for forcing the sealant out of dispensing tip 332. Barrel 330 is con- 
nected by tubing 334 to a pressurized source 336 of a gas. such as nitrogen, through a pneumatic controller 
338 The later pneumatic controller 338 is controlled by computer 258. Thus, in accordance with the computer 
control pneumatic controller 338 applies a predetermined pressure of nitrogen gas on the piston within barrel 
330 to force a predeterm.ned amount of sealant 46 from dispensing tip 332. Sealant dispenser 324 can be con- 
ventional, for example, the EFD 800D sealant dispenser sold by EFD Inc.. 977 Waterman Avenue. East Prov- 
idence, Rhode Island 02914. 

It will be appreciated that Z-component translation means 320 could, instead of being mounted with Y- com- 
ponent translation means 318. be mounted for moving sealant dispenser 324 in the Z-direction 

in basic operation, a crystal forming device 10 from support platform 164 is picked up by the articulated 
i?rS , ,L arm h a f- 8em y 270 PlaC6d °" SUPP ° rt P ' atf0rm 322 of sea,ant dispensing station 310. Then, ar- 

h^t nif il 1^ ! C K arm f a ^ emb ' y 270 9hpS C0V6r 14 ° f CryStal formin 9 device 10 and re ™^s same from 
base plate 12 thereof. Computer 258 then automatically activates translation table 312 to position base plate 
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12 below dispensing tip 332 of sealant dispenser 324. Sealant dispenser 324 is thereafter controlled to dis- 
pense sealant 46 through dispensing tip 332, while translation table 312 is moved by servo motors 316a and 
316b to move flat support surface 314 and thereby support platform 322, so that sealant 46 from dispensing 
tip 332 is deposited on the upper circular edge 26 of each well 16 of crystal forming device 10. 

5 As discussed above, articulated robotic arm assembly 270 grips cover 14 of crystal forming device 10 and 

removes the same from base plate 12 thereof at sealant dispensing station 310. At about the time that sealant 
46 is supplied to base plate 12, articulated robotic arm assembly 270 carries cover 14 to a rotator station 340 
which rotates cover 14 by 180 degrees so that its inner surface 42 is facing up. 

As shown in Figs. 8Aand 17-19, rotator station 340 includes a frame 341 comprised of a substantially rec- 

10 tangular base 342 and opposite vertical support walls 344 and 346 secured to opposite shorter ends of base 
342. A rota table plate 348 is rotatably mounted between vertical support walls 344 and 346 and above base 
342. 

Pivot cylinders 350 and 352 are fixedly connected to the shorter ends of rota table plate 348 and extend 
into bores 354 and 356 of vertical support walls 344 and 346, respectively. Further, pivot cylinder 350 extends 

15 through vertical support wall 344 and a gear 358 is secured to the free end of pivot cylinder 350 thereat A 
servo motor 360 is mounted to a frame wall 362. Frame wall 362 is in parallel, spaced relation to vertical support 
wall 344, and is secured to vertical support wall 344 by posts 364 and bolts 366. The output shaft 360a of servo 
motor 360 has a gear 368 secured thereto, with gear 368 being in meshing engagement with gear 358. Servo 
motor 360 is controlled by computer 258 to rotate rotatable plate 348 between the position shown in Fig. 17 

20 and a position inverted 180 degrees therefrom. 

Rotatable plate 348 is preferably of a substantially rectangular configuration with an upper surface 348a 
and including a central rectangular opening 370. A fixed stop block 372 is fixedly mounted by bolts 374 on upper 
surface 348a adjacent one shorter side of opening 370. As shown, fixed stop block 372 is of a generally rec- 
tangular configuration, with triangular wings 372a extending toward the opposite end of opening 370. As a re- 

25 suit, the inner surface 372b of fixed stop block 372 has a configuration similar to the beveled side of cover 14, 
as shown in Fig. 3. 

A fixed barrier wall 376 is fixedly mounted by bolts 378 on upper surface 348a of rotatable plate 348 at 
the opposite end of opening 370. As shown, fixed barrier wall 376 is spaced from opening 370. A movable stop 
block 380 is mounted on upper surface 348a of rotatable plate 348 for movement in the lengthwise direction 
30 of opening 370. First and second telescoping rod sets 382 and 384 are mounted between fixed barrier wall 
376 and movable stop block 380 to permit movement of movable stop block 380 in the lengthwise direction of 
opening 370 while retaining movable stop block 380 on upper surface 348a of rotatable plate 348. A coil spring 
386 is wrapped around each telescoping rod set 382 and 384 for biasing movable stop block 380 in a direction 
toward fixed stop block 372. 

35 Rotatable plate 348 is formed with first and second cut-out sections 348b and 348c on one longer side 

thereof for receiving first and second gripping members 294 and 296, and a third cut-out section 348d on the 
opposite longer side thereof for receiving third gripping member 297. In addition, fixed stop block 372 is formed 
with a central cut-out section 372c on the inner surface 372b thereof and rotatable plate 348 is formed with 
a cut-out section 348e on the shorter side thereof in alignment with cut-out section 372c, for receiving stop 

40 plate 302 of gripper 282. In this manner, gripper 282 can deposit a cover 14 onto and retrieve a cover 14 from 
rotatable plate 348. 

To insert cover 14 within rotator station 340. gripper 282 is moved into position above rotatable plate 348, 
and inserts the end of cover 14 adjacent movable stop block 380 down first into engagement with movable 
stop block 380. Then, gripper 282 moves cover 14 rearwardly a small amount so that movable stop block 380 

45 moves rearwardly against the action of coil springs 386. The opposite end of cover 14 is then placed on upper 
surface 348a of rotatable plate 348. In such movements, it will be appreciated that gripping members 294, 296 
and 297 move within the confines of cut-out sections 348b. 348c and 348d. respectively, and stop plate 302 
of gripper 282 moves within the confines of cut-out sections 348e and 372c. Thereafter, gripping arms 284 
and 286 are moved apart to release cover 14, whereupon coil springs 386 bias movable stop block 380 to push 

so cover 14 a small distance in a direction into engagement with fixed stop block 372. Cover 14 is held in a fixed 
position between fixed stop block 372 and movable stop block 380. Thereafter, rotatable plate 348 is rotated 
by 180 degrees so that lower or inner surface 42 of cover 14 is facinig upwardlyand is exposed through opening 
370. 

After sealant 46 is dispensed on upper circular edges 26 of the base plate 12 of crystal forming device 10 
55 positioned on support platform 322. base plate 12 thereat is picked up by articulated robotic arm assembly 
270 and delivered to a chamber liquid dispensing-vortexing station 390 where specified volumes of solutions 
containing a precipitating agent are supplied to each of the twenty-four wells 16 of base plate 12. 

As shown in Figs. 8. 8A and 20-22, chamber liquid dispensing-vortexing station 390 includes a vortexer 
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block 436 is mounted on upper surface 426a of support plate 426 for movement in the lengthwise direction of 
opening 428. First and second telescoping rod sets 438 and 440 are mounted between fixed barrier wall 432 
and movable stop block 436 to permit movement of movable stop block 436 in the lengthwise direction of open- 
ing 428 while retaining movable stop block 436 on upper surface 426a of support plate 426. A coil spring 442 
5 is wrapped around each telescoping rod set 438 and 440 for biasing movable stop block 436 in a direction to- 
ward fixed stop block 430. 

Support plate 426 is formed with first and second cut-out sections 426b and 426c on one longer side there- 
of for receiving first and second gripping members 294 and 296, and a third cut-out section 426d on the opposite 
longer side thereof for receiving third gripping member 297. In addition, fixed stop block 430 is formed with a 
10 central cut-out section 430c on the inner surface 430b thereof, for receiving stop plate 302 of gripper 282. In 
this manner, gripper 282 can deposit a cover 14 onto and retrieve a cover 14 from support plate 426. 

To insert cover 14 on cover waiting station 420, gripper 282 is moved into position above support plate 
426, and inserts the end of cover 1 4 adjacent movable stop block 436 down first into engagement with movable 
stop block 436. Then, gripper 282 moves cover 14 rearwardly a small amount so that movable stop block 436 
15 moves rearwardly against the action of coil springs 442. The opposite end of cover 14 is then placed on upper 
surface 426a of support plate 426. In such movements, it will be appreciated that gripping members 294, 296 
and 297 move within the confines of cut-out sections 426b, 426c and 426d, respectively, and stop plate 302 
of gripper 282 moves within the confines of cut-out section 430c. Thereafter, gripping arms 284 and 286 are 
moved apart to release cover 14, whereupon coil springs 442 bias movable stop block 436 to push cover 14 
20 a small distance in a direction into engagement with fixed stop block 430. Cover 14 is held in a fixed position 
between fixed stop block 430 and movable stop block 436. 

After the cover 14 is removed and supplied to cover waiting station 420, sealant 46 is applied to upper 
circular edges 26 of the base plate 12 corresponding to the cover 14 at cover waiting station 420. This occurs 
at sealant dispensing station 310. After processing of the first crystal forming device 10 at rotator station 340 
25 and chamber liquid dispensing-vortexing station 390, the next base plate 12 at sealant dispensing station 310 
is ready for immediate delivery to chamber liquid dispensing-vortexing station 390 for processing thereat 

At the same time that sealant 46 is being applied to upper circular edges 26 of the base plate 12 at sealant 
dispensing station 310, a liquid handling station 450, which is positioned above and adjacent to chamber liquid 
dispensing-vortexing station 390, supplies specified volumes of solutions containing a precipitating agent to 
30 each of the twenty-four wells 1 6 of base plate 12 at chamber liquid dispensing-vortexing station 390. 

Liquid handling station 450 uses a robotic sample processor (RSP). Model No. 5052, sold by Tecan U.S. 
Ltd., P.O. Box 8101, Hillsborough, North Carolina, 27278. The TECAN RSP 5052 liquid handling station 450 
automatically dispenses specified volumes of bulk solutions (up to ten solutions) from a bulk solution storage 
area through a first pipetting arm 452 into each of the twenty-four wells of base plate 12 positioned at chamber 
35 liquid dispensing-vortexing station 390. This system has a pipetting accuracy between supply levels of 5-1000 
p.V. Thus, liquids (buffers, precipitants and special additives) can be dispensed into reservoir wells 16 in the 
range of 5-1000 nl. 

Since such a robotic sample processor is well known, only a brief description thereof will be given with 
respect to Figs. 8, 25 and 26. First pipetting arm 452 is mounted to a rear frame 454 positioned behind chamber 

40 liquid dispensing-vortexing station 390, for movement in a first X-direction along rear frame 454 by an X-di- 
rection drive assembly (not shown). First pipetting arm 452 extends above base plate 12 at chamber liquid dis- 
pensing- vortexing station 390. First pipetting arm 452 includes an elongated drive slot 457 which mounts a 
vertically oriented pipette holder 458 therein, for movement along slot 457. First pipetting arm 452 includes a 
Y-direction drive assembly (not shown) therein for moving pipette holder 458 in the Y-direction along slot 457, 

45 which is transverse to the aforementioned X- direction. Finally, pipette holder 458 holds a vertically oriented 
pipette 462 therein and includes a Z- direction drive assembly (not shown) for moving pipette 462 in the vertical 
or Z-direction. Pipette 462 can move in the X, Y and Z directions to be positioned over any well 16 of base 
plate 12 to supply a solution thereto. The X, Y and Z-direction drive assemblies are shown schematically by 
block 464 in Fig. 26. 

so Pipette 462 of the TECAN RSP 5052 liquid handling station 450 is sold having a large volume pipette dis- 

penser (not shown) and a small volume pipette dispenser (not shown) built into pipette 462, the different dis- 
pensers being used with a single pipette tip 463, depending upon the amount of solution to be supplied through 
pipette 462. As shown, a first valve assembly 466 is formed along rear frame 454 for supplying a liquid to the 
large volume pipette dispenser of pipette 462 of liquid handling station 450, and a second valve assembly 468 

55 is formed along rear frame 454 for supplying a liquid to the small volume pipette dispenser of pipette 462 of 
liquid handling station 450. 

Of course, a single pipette dispenser could be provided with pipette 462 to eliminate the need for first and 
second valve assemblies 466 and 468. 
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draws a water solution, and by means of suction oscillation, rinses the tip thereof. The water is then expelled 
into another waste station 504. Then, pipette 494 again aspirates 1-40 ul of liquid from test tube 502 in protein 
solution storage rack 500, and subsequently picks up 1-40 ul of solution in a second well 16 of base plate 12 
sitting in chamber liquid dispensing-vortexing station 390. This combination is then mixed in the tip of pipette 

5 494. For example, by use of suction, the mixture is caused to oscillate up and down in the tip of pipette 494 to 
thoroughly mix the same. This mixture is then dispensed on the mirror image position of cover 14 correspond- 
ing to the second well 16 from which the liquid was drawn. This operation is repeated for each of the twenty- 
four positions on cover 14, corresponding to the twenty-four wells 16. 

Thereafter, cover 14 is automatically rotated 180 degrees to its original position. Droplets 48 remain in the 

10 same position, suspended from the underside of cover 14. 

Articulated robotic arm assembly 270 then moves base plate 12 at chamber liquid dispensing-vortexing 
station 390 to an assembling station 510 at which base plate 12 is combined with cover 14from rotator station 
340. As shown in Figs. 8A, 29 and 30, assembling station 510 includes a support platform 512 formed from a 
flat metal plate of a generally rectangular configuration and having an upper surface 512a for receiving a base 

15 plate 12 thereon. Support platform 512 is formed with first and second cut-out sections 512b and 512c on 
one longer side thereof for receiving first and second gripping members 294 and 296, a third cut-out section 
51 2d on the opposite longer side thereof for receiving third gripping member 297. and a fourth cut-out section 
51 2e near one shorter side thereof for receiving stop plate 302 of gripper 282. In this manner, gripper 282 can 
deposit a base plate 12 onto and retrieve a base plate 12 from support platform 512. Two pins 514 are formed 

20 on upper surface 51 2a at two diagonally opposite corners of support platform 512, for positioning a base plate 
12 thereon. When a base plate 12 is positioned on support platform 512. pins 514 just fit within the lower edge 
of peripheral stepped side supporting wall 36 of base plate 12 to correctly align base plate 12 on support plat- 
form 512. 

Thereafter, the cover 14 from rotator station 340 is moved by articulated robotic arm assembly 270, and 
25 placed on top of the base plate 12 at assembling station 510. Articulated robotic arm assembly 270 then tamps 
down lightly on the upper surface of cover 14 to ensure that sealant 46 seals the individual wells of base plate 
12 with cover 14. 

Articulated robotic arm assembly 270 then moves the assembled crystal forming device 10 at assembling 
station 51 0 to support platform 1 64 of trolley assembly 1 62 which, in turn, moves t he assembled crystal forming 
30 device 10 under and past input cassette tower 116 to a position beneath output cassette tower 160. Support 
platform 164 is then raised. At this time, lever actuators 240 and 242 are controlled to move pivoted levers 
140 and 150 out of the way to permit passing of support platform 164 therethrough. Then, pivoted levers 140 
and 150 are released at the correct time to support the processed crystal forming devices 10. 

Thereafter, trolley assembly 162 moves under input cassette tower 116 to retrieve another crystal forming 
35 device 10 for processing. At the same time, articulated robotic arm assembly 270 moves the base plate 12 at 
sealant dispensing station 310 to chamber liquid dispensing-vortexing station 390 for processing thereat, and 
then moves the cover 14 at cover waiting station 420 to rotator station 340 for processing thereat. 

The above operations continue until all of the crystal forming devices 10 from input cassette tower 116 
are processed and returned to output cassette tower 160. 
40 The prepared crystal forming devices 10 can then manually be removed from output cassette tower 160 

and placed in the appropriate temperature environment, for example 4°C or 22°C, for equilibration and micro- 
scopic inspection over time at defined time points. 

It will be appreciated that accurate dispensing and aspirating of liquids in the 1-1000 ul range is essential 
for reproducing conditions for crystallizing macromolecules and peptides. A difference in 0.1 pH units and ± 1 
45 % of precipitating level can dramatically affect the equilibration rate and quality of crystals derived from any 
crystallization procedure. Automated crystallization system 100 performs the above steps within these para- 
meters, while minimizing contamination problems. 

It will be appreciated that all of the above operations are controlled by computer 258 in accordance with 
parameters of the different experiments which are input by an operator. To illustrate the operation of automated 
so crystallization system 100, an operating sequence flow chart, as shown in Figs. 31 A-31D, wfll now be descn- 
bed. 

After power for automated crystallization system 100 is turned ON in step 600, the operator is prompted 
by computer 258 in step 602 as to whether to initialize and flush the TECAN RSP 5052 liquid handling station 
450. In Step 604, if the operator responds in the negative, computer 258 exits the program in step 606 to shut 
55 down automated crystallization system 100. On the other hand, if the operator responds in the affirmative in 
step 604, computer 258, in step 608, initializes and flushes all of the liquid dispensing lines of the TECAN RSP 
5052 liquid handling station 450 with USP grade water. The main crystallization menu is then displayed in step 
610 on computer 258. 
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robotic arm assembly 270 retrieves this next crystal forming device 10 presented by chamber stacking and 
delivery station 1 02 and delivers the same onto support platform 322 of sealant dispensing station 31 0, in step 
654. Thereafter, articulated robotic arm assembly 270 removes cover 14 of such crystal forming device 10 at 
sealant dispensing station 310 and supplies the same to cover waiting station 420. 

5 In step 656, sealant dispenser 324 is thereafter controlled to dispense sealant 46 through dispensing tip 

332, while translation table 312 is moved by servo motors 316a and 316b to move flat support surface 314 
and thereby support platform 322, so that sealant 46 from dispensing tip 332 is deposited on the upper circular 
edge 26 of the side walls of base plate 12 of this second crystal forming device 10. 

At the same time, in step 658, specified volumes of solutions containing a precipitating agent are supplied 

10 to each of the twenty-four wells 16 of base plate 12 at chamber liquid dispensing-vortexing station 390. The 
TECAN RSP 5052 liquid handling station 450 automatically dispenses specified volumes of bulk solutions from 
glass bottles 482a-482j of bulk solution dispensing station 480, through pipette 462, into each of the twenty- 
four wells of base plate 12. In between the dispensing of the liquids through six-way valves 484 and 486 from 
bulk solution dispensing station 480, pipette 462 is flushed to insure that there is no cross-contamination of 

15 the added liquid components. Once the dispensing operation is complete, base plate 12 is vortexed by remote 
activation of shaker assembly 392 for a predetermined time period (1-999 seconds) to insure uniform mixing 
of all of the added liquid components. 

Computer 258, in step 660, determines when this first liquid dispensing cycle is complete. If it is not com- 
plete, the liquid dispensing cycle is continued until completion, at which time, computer 258 instructs droplet 

20 dispensing station 490 to deposit a droplet 48 containing a macromolecular solution within each circular bead 
44 of the cover 14 positioned at rotator station 340 which correspond to wells 16 having a liquid added thereto. 
This occurs in step 662. 

In step 664, computer 258 determines if this second liquid dispensing cycle is complete. If not, the liquid 
dispensing cycle is continued until completion, at which time computer 258 controls rotator station 340 to au- 

25 tomatically rotate cover 14 by 180 degrees to its original position, in step 666. Droplets 48 deposited thereon 
remain in the same position, suspended from the underside of cover 14. 

Articulated robotic arm assembly 270 then moves base plate 12 at chamber liquid dispensing-vortexing 
station 390 to an assembling station 51 0. Thereafter, the cover 14 from rotator station 340 is moved by articu- 
lated robotic arm assembly 270, and placed on top of the base plate 12 at assembling station 510. Articulated 

30 robotic arm assembly 270 then tamps down lightly on the upper surface of cover 1 4 to ensure that sealant 46 
seals the individual wells of base plate 12 with cover 14. 

In step 668, articulated robotic arm assembly 270 then moves the assembled crystal forming device 10 
at assembling station 510 to support platform 164 of trolley assembly 162. In step 670, trolley assembly 162 
then moves the assembled crystal forming device 10 past input cassette tower 116 to a position beneath output 

35 cassette tower 160. Support platform 1 64 is then raised. At this time, lever actuators 240 and 242 are controlled 
to move pivoted levers 140 and 150 out of the way to permit passing of support platform 164 therethrough. 
Then, pivoted levers 140 and 150 are released at the correct time to support the processed crystal forming 
device 10. 

In step 672, computer 258 determines if a cassette empty flag has been set, which indicates that there 
40 are no more crystal forming devices 10 in input cassette tower 116. If not, another crystal forming device 10 
is retrieved from input cassette tower 116 to repeat the above steps, that is, the operation moves to step 674, 
which jumps to the repeat sequence of step 676. If yes, articulated robotic arm assembly 270 is moved to a 
rest position in step 678, and the operation stops in step 680. 

The prepared crystal forming devices 10 can then manually be removed from output cassette tower 160 
45 and placed in the appropriate temperature environment, for example 4C or 22C. for equilibration and micro- 
scopic inspection over time at various post set-up times (e.g. 3 days, 1 week, 1 month. 3 months and 6 months). 

Automated crystallization system 100 was tested over extended time periods (24-48 hours) of continuous 
operation. 

Using a published procedure for crystallizing chicken lysozyme. as described above, lysozyme was sue- 
so cessfully crystallized. The size and quality of these crystals were comparable to crystals obtained from man- 
ually prepared hanging drop experiments set up in parallel. 

Having described specific preferred embodiments of the invention with reference to the accompanying 
drawings, it will be appreciated that the present invention is not limited to those precise embodiments and that 
various changes and modifications can be effected therein by one of ordinary skill in the art without departing 
55 from the scope or spirit of the invention as defined by the appended claims. 
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Claims 
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A crystal forming device comprising: 

(a) a base plate having a plurality of wells therein each wpII ******* f~ 

movable cover means to each said we., to define T^ofT^ ^ZT™ °' **" ^ 

A method for forming macromolecular crystals, comprising the steps of 

(a) dispensing a reservoir solution in a plurality of wells formed in =, ~i . 

a bottom and a circumferential side wall connected Zm i^^Tr ' T ^ ^ 
An automated crystallization system comprising- 

T XTsZT^C^r ° f daim 5 in Wh,Ch S3id ' iquid dis P ensi "9 ™ans comprises: 

\a) support platform means for supporting said base plate- 

Jc^Teme^^ ^ ' eSerVOir S ° ,Ut ''° n l ° each wel1 of said ««• P** and 

m^s suTh ^Tr! 2 b6tWeen Said pipette mea " s — «PPort platform 

means such that said p.pette means can be selectively positioned over any one of said wells 

! S p,atform means for supporting said cover below said droplet dispensing means- and 
^^^^^^ t ^^ S3id -PP-t P-at'orm meanTb^eenaXition 

whe e h t^, ^ 1 ; faCm9 UPWard ' y t0 dep ° sit the dr °P ,ets tnere °" and a position 
surface e ' 0We ^^^ 

^^li?SS?; t,0n SyStem , ° f ° ne ° f daimS 5 10 7 in which said Po-monins means com- 
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An automated crystallization system for use with a crystal forming device having a base plate with a plur- 
ality of wells therein and a cover for covering a plurality of said wells, said automated crystallization system 
comprising: 

(a) chamber stacking means for stacking a plurality of said crystal forming devices; 

(b) processing means for processing said crystal forming devices from said chamber stacking means, 
said processing means including: 

(i) liquid dispensing means for dispensing predetermined amounts of liquids into the wells of the 
base plate of each said crystal forming device, and 

(ii) droplet dispensing means for dispensing a droplet containing a macromolecular solution at each 
position on said cover corresponding to said wells such that said droplets hang in a suspended state 
from said cover over each well when said cover is assembled with a respective base plate; and 

(c) articulated robotic arm means for gripping and carrying said crystal forming devices between said 
chamber stacking means and said processing means, and for disassembling and assembling the cover 
of each said crystal forming device with the base plate thereof. 

The automated crystallization system of claim 9 in which said liquid dispensing means comprises: 

(a) support platform means for supporting said base plate; 

(b) pipette means for supplying the reservoir solution to each well of said base plate; and 

(c) drive means for providing relative movement between said pipette means and said support platform 
means such that said pipette means can be selectively positioned over any one of said wells. 

The automated crystallization system of either claim 9 or claim 10 which further comprises rotator means 
for rotating the cover of each said crystal forming device between a position where the lower surface of 
the cover is facing upwardly to deposit the droplets thereon and a position where the lower surface of 
the cover is facing downwardly after the droplets are deposited on said lower surface, said rotator means 
including support platform means for supporting said cover below said droplet dispensing means, and 
rotation support means for rotatably supporting said support platform means between a position where 
the lower surface of the cover is facing upwardly to deposit the droplets thereon and a position where 
the lower surface of the cover is facing downwardly after the droplets are deposited on said lower surface. 

The automated crystallization system of any one of claims 9 to 11 in which said droplet dispensing means 
comprises: 

(a) pipette means for supplying the droplets to said cover; and 

(b) drive means for providing relative movement between said pipette means and said cover such that 
said 

(b) drive means for providing relative movement between said pipette means and said cover such that 
said pipette means can be selectively positioned at different locations over the upwardly facing lower 
surface of the cover. 

The automated crystallization system of any one of claims 9 to 12 in which said articulated robotic arm 
means comprises: 

(a) gripping means for gripping said base plate and said cover, said gripping means including first and 
second gripping arms; and 

(b) wrist means for holding said gripping arms in spaced apart relationship, said wrist means including 
gripping adjustment means for moving sard gripping arms toward and away from each other. 

The automated crystallization system of any one of claims 9 to 13 which further comprises trolley means 
for retrieving said crystal forming devices from said chamber stacking means and for returning said crystal 
forming devices to said chamber stacking means after processing thereof has been completed. 

The automated crystallization system of any one of claims 9 to 14 in which said chamber stacking means 
comprises: 

(a) input tower means for holding a stack of said crystal forming devices to be processed, and 

(b) output tower means for holding a stack of processed crystal forming devices. 

An automated crystallization system for use with a crystal forming device having a base plate with a plur- 
ality of wells therein, each well adapted to receive a reservoir solution therein and each well having a bot- 
tom and a circumferential side wall connected with said bottom to define a chamber therein, the side wall 
having an upper circumferential edge defining an upper opening of the well, and removable cover for cov- 
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ering all of said wells, said removable cover having a lower surface whirl, _ •.. 

•MM edge, of said wells to seal said wells and Co IheXseal sald^ll „ " UPPe ' 

sation system comprtslng: ™reoy seal said chambers, said automated crystalli- 

!h! ^H*^ StaCk " S r 8 "" SB *"£l » Pl-rality of said crystal forming 

oS P r.reaS 
przonirrrr^dis 

o. each said crvltaTroTm^ 
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